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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 128

SCME CONSITERATIONS OF THE LATERAT, STABILITY
OF HIGH-SPEED ATRCRAFT

By Lecnard Sternfleld
SUMMARY

A theoretical Investi ation hes been mmde to determine the
effect of varistions in the lateral-stability derivatives, wing
loading, altitude, and redil of gyration on the combination of
directional stabllity and sffectlve dihedral required for lateral
stabllity at the landing and cruilsing condlition. The splral~
gtabillity and oscillatory-steblility boundaries were computed for
& hypothetical airplane with the wings swept back 60° end of
aspect ratio 4 for the case in which the principel lengitudinal
axis of the alrplane is in line with the flight path and also for
the case in which the principal axis is inclined above the flight
path at the nose, therseby introduclng product-of-inertia terms in
the lateral equations of motion.

The results of the invostigation showed that an airplane with-
a high wing loading designed for high-speed and high-altitude flight
would be laterally steble 1f the moments of inertia, the locatlion:
of the principal longitudinal exis of the airplene, and the value of-
the damping-in-roll derivative Czp were properly selected. The

inclination of the principal longitudinel axis above the flight
path at the nose caused a stabilizing shift in the oscillatory-
stability boundary but aild not affect the splral-stebility boundary.
When the principal axis was inclined above the flight path, a
stablilizing shift occurred in the oscillatory=-stability boundary

ag either the radius cf gyration in roll hxo or the radius of

gyration in yaw kZ was reduced; vheroas, for the case in which the

principal axis was alined with the flight path, the stable reglon
increased as elther kZo vag decreased or kx was increased above

a critical velue. Below this critical value of kko’ & docrease

in bxo increased the steble range of the effective-dihedral
derivative cza for a given directional-stability derivative CnB.
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As the wing loading or altitude wes increased, the stable region
decroascd. The offect of variations of the stability derivatives
was more puronouvnced forr the case of finite product of inertie than
for the case of zero product of inertia.

TIRODUCTTON

A theorstical investigation has boen carried out to determine
the conhination of directlonal stability end effective dlhedral
requirved for the lateral stability of aircraft equipped with swept-
back wings and designed for high-speed and high-altitude flight.
Becawse very little theoretical or experimental data are avallable
at present on the stability derivabives CZ.O’ Czr, CYP, and Cy

I b
contributed by swept-back wings, the values of these dorivativos
were variod in the stability calculations. The investigatlion also
inclvded the effect of altitude, wing loading, redii of gyration,
and product of inertia on the lateral -stabllity boundarics. This
papsr is an extension of the lnvestigation given in refercnce 1. .
Simllar investligations ere nresented in referonces 2 and 3 but the
renge of paramoters coveorec herein is of a different order of
magnitude from the parameters Investigated in references 2 ard 3.

Calculations were mado of the spiral-stability and oscillatory-
gtabllity boundaries for landing end crulsing flight for a hypothetlcal
airplane with the wings swept back 60° and of aspect ratio &, but
the conclusions drawn are appllicsble to any type of alrplenc
charecterized by the parameters employed. The results of the
couputations are plotted as a function of the directicnal-stebility
derivative (}nB and effective~dihedral derivatlve CZE-

SYMBOLS AND COLFFICIENTS ,

¢ angle of benk, redians

Y angle of azimuwth, rediesns

g angle of sideslip, radians (v/V)

v sideslip veloclity along the Y-axis .
v airgpeced, foet per second |

D mass density of alr, slugs per cublc foot
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a dynamic pressure, pounds per square foot (él-pve)

b wing spen, feet

S vwing area, square fset

Ty dlstance from center of gravity of alrplane to center of
pressure of fin, feet '

W Weigﬁt of airplane, pounds

m mass of airplane, slugs (W/g)

g acceleration of gravity, feet per second per second

14 relative -density factor (Egg

7 angle of attack of -rincipal longitudinsl exis of airplans,
: positive when princiral axis is ebove flight path at the
nose, degrece (see fig. 1)

8 engle between refercnce axis and horizontal axis, positive
when reference axis is above horizontal exis, degress
(see fig. 1)
€ angle between reference axis and principal axls, positive
when reference axis is above principsl axis, degrece
(see fiz. 1)
4 angle of flight peth to horizentel axis, positive in a climb,
degress (ses fig. 1)
kx radius of gyration in roll about principal longitudinal axis,
S feet
kZo radius of gyration in yew about principsl normal axis, feet
Ix moment -of ~inertis coefficient abcut principal longitudinal
© mky 2
axis 0
qbs
IZO moment -of ~inertia coefficlient about principal normal

o)
axls Q
qbs
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moment-of -inertia coefficient about flight-path axis
2 , 2
(;Xo cos N + IZO 8in é)
moment-of~inertie7ccefficignt etout axis normal to flight
_ \ R
path IZO cosen + IXO sin q)

product-of ~inertia coefficient with respect to flight-path
axis and sxis normal to flight path

(- (Igo - IXO) sin n cos n)

W B
trim 1ift coefficient (———g—;———f)

rolling-moment ccefficient (ROlliE% momen%)
Qo

yewing -moment coefficient (?EYQEEE%EQEE%)
: am

as

‘leteral -force coefficlent Gaxeral forcé)

yawing angular velocity, radisns per second (dV/dt)
rolling angular velocity, radians per second (d¢/dt)

effective-dthedral derivative, rate of change of rolling-
?ément coefficiont with angle of sideslin, per radian

ey /aﬁ)

directionsl-stahility derivative, rate of chenge of yawlng-
moment coefficlent with angle of sideslip, per radien

(20a/2%)

-lateral-force derivative, rate of change of lateral-force

coefficlent with angle of sideslip, per radien
(o)

damping-in-yaw derivative, rate of chenge of yawing-moment
coafficient with yawing-angulsr-velcclty factor, psr radian

(bon/o88)

L
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CI.L'p rete of change of yawing-moment coefficient with rolling- '

enguler-velocity factor, per radlen (Bcn /Bg—%)

G, demping=in-roll derivative, rate of change of rolling-moment
P coefficient with rolling-snmular=velocity factor, per radian

(/%)

rate of chenge of rolling-moment coefflcient with yawing-

angular-velocity factor, per radien (Bcz / 6;%)
Cy rate of change of iﬁtaral-forco coefficieﬁt with rolling-
a.ngular-*veloc:‘.ty. factor, per radlan (BCY/ 35—%)

Oy - rate of change of lateral-force coefficient with yawing-

engular-velocity facter, per radian (BCY/ Bev)

$ time, seconds

D differential operator (d/dt)

A angle of sweepbeck, Aegrees

A agpect ratio of wing

R Routh's discriminant _

A complex root of stebility equation (c *t 1d)

P period of oscillation, seconds

Tl /2 time for amplitude of oscillation to change by factor of:

2 (negetive velue indlcates & decrease to half emplitude
positive velue indicates an increase to double ampli'budes
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EQUATIONS OF MOTION

The linearized equations of motion, referred to stability axes,
uged to calculate the spiral-stebility and oscillatory-stability
boundaries for any flight condition, are:

~ — -
. -

Rolling -1-
(irx o - c%{b)qf - (IXZ e +0y, D)x;; =0y ,8 = 0
_, / ’

Yewing ' - T -
IDE-C.D\}/-I D2+C.D)¢-C B =0
yA nq/ XZ n¢ Ilﬁ

Sideslipping — -+ +

2bu ) ( . ) ( )
— DY + D = {Cr + Cy., D ~{Cr tan ¥ 4 Cy. D - = 0
DV + DB LY¢¢ L tan 7 + Opy D)y ~Cy B
vhere
ks
Cqe = C ——
‘g z13<2V)
= b
%1 C”r(av
b
C.., =C —
ny ™ Cngl\By
c_,=0 (_L)
o Pp\2Y
b
Cye, =C o
Y Yp(ev
and

CY\if = Oy, (%)

When ¢Oe,)‘t is substituted for ¢, W.e for 1, and. quk
for B 1in the equationes written in determinent form, A must be a

At t
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root of the squation

vhere

mrim3 il imer=o0

A= Tyt 2B 4 Ty, 2D
v
2 2bu 2o
B = Tyl L Oy, - IXZCH?‘ = Ichltr 7
"IZCZ¢ _v - xIZCY
C -

2bu
+T E—-—C‘n + IpCqe +—-—“—c' .-——“—c.
¥ 5 Cng ZI¢CYB v ?¢_°n\y v Onefey
- TyyOvCr = Tg0vel1. = TxCu:Cp = IoCyeC
Ixz0rylny ZCY¢ lg chwnB xz,%:;‘, lg
E = -Ty,C, Cp - T - Gy.0 - C Eb“
R VA ng L ZCzBCL °z¢ nQPY Z¢Cn

2b
+Cn¢°kj,cYp + O B_f& " IxgC1,0 tan 7 - Ixln Oy, tan y
- CysC1:Cr + CanCriCo. . Cy20. = CysC. -G
®14°1y%ng * CtgPnifrp * OC130ng ~ OxjOngCrp
¢ {c, C . -0,.C tan y (C, Cys = Cy . Cos
L(lﬁn\lf 'Lq,nﬁ>+cL 7(nBZ¢ 25n¢>

The conditions necessary for neutral oscillatory stabillty are
that the coeificlents A, B, C, and E must be positive and Routh's

discriminent, R = BOE - AE® - B°F must equal zero. The condition
necessary for neutral spiral stebility is F = 0. The completely
stable region 1s therefore bounded by the bounderies R =0 and

F =

0, which are plotted as a function of the directional-stability

derivative Cn and the effective-dihedral derivative CZB.

B
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STABILITY DERIVATIVES AND MASS CHARACTERISTICS

The basic values of the stability derivatives and mass
charecteristics of the hypotheticel airplene with the wings swept
back 60° ere given in teble I. The derivatives _CnB and Cyp &ro

agsumed to be variasbles in the calculations. The effect of the
various parameters investi~ated on the stability boundaries was
determined by varying one parameter whlle the other parameters
meintained the values shown in table T.

The values of the parsmeters that varied from the basic values
of teble I end the figures in which the resultis of the calculations
are plotted are presented in table II. The values of n of 20
and 5° wege arbitrarily selected for the investigation. The valus
of n =2 vreprecents the crulesing condition in which the airplane
is trimmed et a small angle of attack; whersag the value of 1n = 5°
represents the landing condition with flaps down. If for elther
cese, 17 ie larger then the values shown in table II, the
calculations would indicate a greater increase in ths stable region.

RESULTS AND DISCUSSION

The results c¢f tho investigation are presented in a series
of figures which show the oscillatory-stablility and spiral-stebillity
bounderies as & function of CnB and CIB- Figures 2 and 3 show

the reglon of complete stablility bounded by the stebillity Poundaries
for landing and crulsing flight, respectively. The solid R =

curve of each Tigure represents the osclllatory-stability boundary
for the airplane with its principal axis in line with the flight
path; wherees the dashed curve represents the R = 0 boundary for
the seme airplane with the principal axis inclined above the flight
path. The angle of atbtack of the principal longlitudinal axis of the
alrplane 7 is given In e.ch figure. The splral-stebility boundary
(¥ = 0) plotted im each figure applies to both sets of calculations
since this boundary is not a function of the product of inertia.

The wind~tunnel results for e wing swept back 60° (reference k)
indicated a veriation of ClB from O to -0.23 as "C7 increased

from O to 0.7. The probable renge of veriation of CnB is from 0.05
to 0.25. With regard %o oscillatory stability, thersfore, the

pyobable region of the combination of CnB and Clﬁ is located
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elmost entlirely in the unstable regicn for the case in which the
principal axls is alined with the flight path bub entirely in the
steble region for the case in which the principal axis is inclined
above the flight path.

The curves shown in Pigure U indicete the factors mainly
responsible for the large stabilizing shift in the R = 0 boundary
for the case in which the principal axis is inclined above the
flight peth. These curves labeled 1 to 5 in figure L, represent
the R = 0 bounderies obteined by omitting several terms in the
expression for R = 0. The oscillatory-stability boundaries of
figures 2 and 3 are replotted in figvres k(a) and i(b), respectively,
ag curves 1 and 5. All the product-cf-inertia factoars are omitted
Trom the calculations of curve 1 but are Included in the calculaticns
for curve 5. The calculatione for curve 2 include ell the Iyy-factors

except the facter Ing%& CZBCZ¢ in the expreséicn for %k = 0; whercas
the calculations for curve 3 incliude only the terms containing the
factor IK?'“E'CZ Cza. A comparison of curves 2 and 3 in figure 4
ghows that the large stabilizing shift In R = 0 1s caused mainly

by the factor Iy ol CygC.4r If all terms coubined with the

factor IXZ‘%“CZB but no other product-of~-inertia factor occur in

the expression for R = 0, an additional stebilizing shift in the
Poundary from curve 3 to curve b occurs. This curve 4 is a good
approximation of the R =0 equation which includes the terms ygith
all the product-of ~inertia factors. Inasmuch as the product

2

of 2ht and any one of the derivatives . s Cra, €43 Cv:
v Cn¢: C:nw: 7,9.: z\p: ‘,r:q(:
or CYﬁ, is independent of p . and constant for a ziven CL

(for example, —2-‘2*--cz¢ ¢l 55 ) it might appear that the

2bu
factor IXZ 7 Cy Cz¢ is independent of p. This fact is not true,
however, Ttecause the factor Cz¢ usually eppears in combination

with & second -—Jiﬁfactor heving Iy, (S

essentlally &
Z vy ¢ 7

direct function of i

The damping and period of the lateral oscillation in seconds
for the basic conditions are shown in figures 5 end 6. The values
of ¢ and 4, the real and imsginary perts of the complex root of
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the stebility equation, are related to the damping and periocd of
the lateral oescillatlon by the equations | ' o

6.28

= eet— - -

O\Q'

_0.69
Tyje =

(o]

In genoral the period of ths oscillation decreased ag an or CZB
increased end the demping lncreased with en increase in C, but

decroased with an increase in Czﬁ. The effect of product cf inertia

was to increase the negative slopes of the lines of constant period
and also to rotate the lines of constant damping in & stable
dirsction.

LEffect of Stabllity Derivatives on Stability Boundaries

Although the essumed velocity cf the airplene in the cruising
condition was supersonic, the component normal to the leading ecdge of
the swept-back wing was subsonic. The values of the derivatives C; ,

b

CZ , and CnP

pressible strip theory with the assumption that the veloclity effective
in obtaining 1lift was equal to V cos A, and the root and tip effects
were neglected. The effect of these stability derivatives on the
oscillatery-stability boundaries wes determined by vearying each of

the derivatives Czp, Clr’ and Cn? independently. The spiral-

used in this investigetion were obtained from incom-

stability boundary is slso offected by these derivetives but the
results are not preseated because, in general, this boundary is
uniuportent since the pilot can readily control a spirally unstable
alrplane.

For the landing condition, the values of C, and C  were

varied 150 percent but only the variation in the value of Cl cauged

any change in the R = 0 boundary. Figure 7 shows a slight .
stabilizing shift in R =0 for n = 0° gnd 5° as Czr is increased.

Unpublished wind-turmel results of a swept-back wing showed that Cnp

reversed its sign from negative to positive as Oy was increased and
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also that the swept-back wing contributed positive CY?' Supplementary

calculations were mede to determine the effect of positive Cnp and

and positive Cy on the R =0 “boundary, and the results shown in
2

figures 8 and 9 indicate a slight increase in the stable region

for n =0" and 5° as Cnp and CYP wag increased. The effect

of CZP on the R =0 boundary for an alrplane of two different

wing loadings, —g = 8 and 120, is shown in figure 10. The 1ift

coefficient of both airplanes was kept the same by incrsasing the
lending speed of the heavier airplane. The resulis indicate that,
for n = 0°, &n increase in the airplane wing loading decreased the
offect of a variation of Clp on the cscillatory boundary; whereas

for 9 = 50, the variation in CIP caused a proportiornal shift
in R = 0, which was independent of wing loading.

For cruising flight and at 71 = 0° and 2°, the values of C,,
and Cnp were varied 150 percent but the resulits indicated a
negligible change in the R = 0 boundery. The effect of positive C

'

and positive 'CY on the R =0 boundary is shown in filgures 1l
D
and 12. In both cases the stable region increased as either cnp

or GYP was incressed.  The damping-in-roll derivative CZP was

increased from O to -0:30L4 which resulted in & merked stabilizing
ghift in the R =0 boundary for n = 2° but a very slight change
in R =0 boundary for n = 0° (fig. lg). The results in figure 10
for n =5° eand in figure 13 for n = 2Y confirm the results shown
in figure U4 that the staebilizing shift in the R = O boundary is

2bu

caused by the factor IXZ-E_ Cy,03 3 It is interesting to note that

Bl
when 1 = 0° the derivatives CIP: Czr, and Cnp could bo reduced

to zero without seriously affecting the osclllatory-stebility boundary.

The shift in the oscillatory-stability boundary resuliting from
the variation of the stebility dsrivatives was generally more pronounced
for the case in which the principal axis wes inclined above the
flight path than for the case in which the principal axis was alined
with the flight path (n = 0°).



Effect of Wing Loadlng end Altitude

The effect of wing loading on the R = 0 boundary was
investigated far two distinct cases. In one case the lift coeffiglent
was verled directly with wing loading, thud constant velocity was
waintained; whereas in the other case the velocity was varied in
such a manner as to maintain' the seme 1ift coefficient. Flgures 1k
and 15 show the results ohtelned for the case in which the veloclty
was maintained constant for landing and crulsing flight, respectively.
Both figvres indicate a decreass in the stable reglon as the wing
loeding is increased. For 1 = 0° +the results agree with those
obtained in references 2 and 3 where for an incresse in Ci, or n

the stable reglon is shown to decrease. For 14 = 2° the stebilizing
affect of the factor IXZQE#-CIﬂCZ¢’. which Increases with p, is

Introduced in the R = 0 calculations. The results indicate, however,
that the destahilizing effect. of Ty and p 1is more pronounced then

the stabilizing effect of the fector Im?-]\!j_l“—" O1a0-

The results obtained on the assumntion of congtant 1lift coeffiolent
are presented In flgure 16 for landing condition and in figure 17
for cruieing flight. Figures 16 and 17 show a decrease in the stable
region as the wing loadling 1s incrsased bubt not so large a decroasge
ag that indicated in Figures 14 and 15. The smaller decroase in the
stable region 1s dus to the fact that the destabilizing effect of Cy,

does not appeer in the calculations. The rsason for the destabilizing
ghift in R = 0 must be atbributed to the increase in p since p
is the only varisable in the calculations.

As the wing loading increases, the stability boundary never

exceeds the boundary lebeled 'g = o in figure 17. This boundary

ig obtained for the condition in which the veloclty le changed with
wing lcading in such & manner as to keep the 1lift coefficient constant.
The only factor in the equations which therefore increases with wing

lomding is %%g' As shown previously, the product of %gﬁ and any
one of the derivatives Cn¢, Cz¢, Cn¢ﬁ Cz@, CY¢: or CY¢ ls

constant for a given Cjy,. The expression for the oscillatory-
stability boundary for the limiting case g_; «  gimplifisa for
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the case in which 7 = 0° %o

' 2b 2 ©2b
R = “TyTpCy Cng - IanB(qu,%&) + 170, Op, - IZC?,ﬁ(CnS‘z —?P-) =0

L]

For the case in which the principal axis is inclined to the
flight path : '

2y
R = LI, [-Ixcznﬁc}yB + T,000p, - 015(0n¢ 7——> + IXchBCL]

i 2bp | 2
+ IXIXZ[CnB(CZJJ = ) + Tgplo Oy, - onﬁ(cns.x v)

- IZCZBCYB - CzB(Cn\ifz—P\;‘i)] - IzIyn [-czﬁ(c% 3%“—) - IXZCZBCI] _

- 2by 2by
+ IXZ ["CIB(CZ{}! ""'v—) + IXZCZBCYB - Cnﬁ(cz¢ T)

- L C ] - EC ( ng)
chnﬁ L IX nB cn‘i! v =0

The spirel-stability boundery for figures 1l and 16 and for
figures 15 end 17 are the same as the curves of F =0 plotted in
figures 2 and 3, respectively, and therefors are omitted in figures 1k
to 17. This boundary applies to the three velues of wing loading
investigated inssmuch as F = 0 is independent of wing loading.

The effect of altitude on the R =0 boundary was determined
on the sssumption that the velocity veriled with altitude to maintain
constant 1ift coefficient. The computations made for the variation
of wing loading while keeping the 1lift coefficient constant are
therefore applicable to show the effect of altitvde.

Figures 16 and 17 are replotted in Figures 18 and 19 to indicate
the effect of altitude on the oscillatory-stebility boundary. The
wing loading of the airplane in both figures 1s assumed to be 80.

As the altitude was increased, the velue of Cp  regquirsd for
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oscillatory stability also increased. The boundery for infinite
altitude shown in figure 19 was calculated Lo show that the R =0
boundary would never exceed this boundary as altitude 1s increased.

Effect of Radil of Qyration

The present trend is to design high-speed airplanes with long
slender fuselages and to equip the ailrplane with swept-back or low-
aspect-ratio wings, which will result in an increase in the radius
of gyration in yew kzo and a decresse in the radius of gyration

in roll ky . The ratio kzq/kzo for conventional airplanes 1s
o

approximately 2 but, for the hypothetical airplane selected for this
investigation, the ratio was estimated to be approximately 5.

Effect of ky and k; .- In figures 20 and 21, representing the
o o

cruising conditien, kz = is varied from 4.82 to 19.28 while kx,
1s kept constent end kx is varied from 1.0l to 4.0k while kZ

is kept constant. The results of similer computations for the
limiting cases of infinite wing loading or infiniis altitude, as
desoribed in the section entltled "Bffect of WimdM.oading and
Altitude, " are shown in figures 22 and 23 and fo¥ the landing
condition are shown in figures 24 and 25.

For n =0°, the R =0 boundaries in figures 20 to 25 indicate

thet the stable reglon is increased as either k, is decreased
o}

or kk is increesed above some critical value. In reference 3,
however, it was found that an increase in EX decreases the stable
o

region. The epparent difference between the two resulis is duwe to
the more extensive range of paremeters used in the present paper.
The smell values of kx considered in reference 3 cause the

stebllity of the airplane motion to depend to a large extent on the
demping-in-roll derivative C, . If ky 1s then increased the
P o .

effective damping in roll of the system decreases, thus decreasing

the atebility of the airplane. With further increase in values

of kk , however, a critical value is reached beycond which the stable
o

reglon increases with ky . This point 1s more clearly illustrated
o
by figures 26 2nd 27. The R = O boundaries for several values
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of ky -but for the same velue of kzo are plotted in figure 26.
o
Crcas plots of figure 26 with Ky a8 ordinate and CZB as abscissa
o

are shown in figure 27 for CnB = 0.1, 0.3,and 0.5. The circled
points in the figure represent the critical values of ky . Below

o
the critical value of kXo’ an increase in kXo reduces the stable
renge of C, for a given C,, but as kxo increases above the
critical velue, the stable region increases. As C, increeses the

critical polnt occurs at a smaller value of ky &and the slope of
O -

the curve above the critical point dscreases, thus, a larger increese
in the steble range of CZB is indicated for the same increment
in .

k'Xo

The results in figures 20 to 25, which show that the stable

region is increased as eitker k; 1is decreased or kx increased
e} o)

above scme criticel vaiue, cun be checked by considering the cases in
which kx or kZ are set equal to infinity. In either case the

motion is analyzed on the assumption that only two degrees of freedom
remain if either k, or k, is infinite. If ky = o, the
Jl-o l-Jo O

oscilliation of the alrplane in azimuth as determined by the
stabllity equation

22 n\[/ Tp ), T, e

Eb;i 1, 2 Iz
Z7y
will always desmp provided CnB is pesitlive inasmuch es qur and Cy
B
are functlons of Cnﬁ' An increase in ky therefore increases the
o
stable region. If k, = o, the expression for the oscillatory-
o] - ¥ ’

stability boundary is

2., . 2bu .2 2y -
R = Oy Org = Oxgley” * Iz T O = O
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For both lending end cruising flight the R = 0 boundaxry almosf

coincides with the axis CZB = 0. As 'kZ increases, therefore,
o

the stable region decresases.

For n = 2° or.5°, the results of the computations shown in
Tigures 20 to 25 indicate an entirely different trend. A stabllizing

shift in the oscillatory-stablility boundary coccurs as eilther kx
0

or kZ is decreased, but a larger increase In the stable region is
o

obtained for the case in wvhich ky igs decreased than for the case
o]

in which kZ is decreaged. These resulis can be explained hy

analyzing the effect of varietions of - kZ and KXO on the product

of inertia. With a reduction in either redius of gyration, the
ajrplane .can more easily roll or yaw and the inertia-reaction

moment due to the product of inertia, caused by the rolling or

yewing acceleration, 1s stabilizing. Also,an increase in the value of
the product=-of -inertia coefficient

Iyy = -(IZ - IX) gin n cos 1
vwhich haes e stabllizing effect on the R = 0 boundary, Is
obtained by an Increase in kZ or & decresse in ky . A decrease
in kX , uherefore, combines both stebilizing effects and causes

a large stebilizing shift in ‘the oscilletory-stability ‘boundary .
For a decreade in kZo the stabllizing effect of the incrtla-

reaction moment 1s opposed by the destabilizing effect caused by
a reduction in Iyy, but the resultant effect is an incroase In the

stable region, not so large however as the increase in the stable
reglon obtained by a decreese in kxo.

Effect of ratio kzolkx .= The R =0 boundaries in figures 20
o

end 21 are revlotted in Pigure 28 for constant values of the
ratio /kX . In this figure there is also a plot of the R =0

boundexy of the hypothetlcsl alrplane for ky = 2.02, kz = 9.64,
o]

and ;?9 = 4,77. Similar plote based on figurss 22 to 25 are

o
presented in figures 29 and 30.
For n = O0 a study of the figures indicates that whera hx

is greater than the critical value, the gtable region 1ncreaees as
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the ratio ky /kx decreases. As kzo/kx is reduced, a greater
of "o : 0

stabilizing shift in the R = 0 boundary is obtained for a decrease
in k, ; a8 k /kk is increased, a smaller destabllizing shift
o] © o

in R =0 occurs for a decrease in kx . If the valve of EX is
0 (o}

less than the critical value, the steble region Increases as the
ratio kz /kk decreases by a reduction in the value of kZ or as
of T 0O o]

the ratio k /kk increases by a reduction in the value of EX .
Zol o o

For n = 2° or 50 the results of the calculations indicate that
the ghift in ths R = O boundary is independent of the ratio kzo/kx

but is a function of the individuvual values of kX and kz The

0
previous discussion of the effect of varidtions of kx and kzo on
the oscillatory-stability bcundary is therefore appllcable

CONCLUSIONS

The effect of various paremeters on the combinetion of directional-
stability derivative CnB and effective-dihedral derivative CZB

required for lateral-stability boundaries was determined by verying
one perameter while the others maintained specified baslic values.
For the specified values of the fixed paremeters the following
conclusions were drawn regerding the effects of the paremeters that
were varied:

1. An airplane with a high wing loading designed for high-speed
and high-sltitude flight would be laterally stable if the moments of
inertia, the location of the principal longitudinal axis of the '
airplane, and the vaelue of the damping-in-roll derivative Cz were
properly selected. P

2. The inclination of the principal longltudinal axis above the
flight path at the nose caused a stabilizing shift in the oscillatory-
gtability boundery but did not affect the spiral-stability boundary.
The factor in the expression for the oscillatory=-stability boundary
R = 0 mainly responsible for the large stabilizing shift is

2bu



18 . HACA TN No. 128

where , - : - - -

Ixz  Product-of-inertis coefficient

b wing span

K relative-density factor . i
v alreypesd ' _ J
Czﬁ effective~dihedral derivative

)

3. For zero product of inertia and at low speeds, a varlation
in the stability derivatives introduced a small change in the
oscillatory-stabllity boundary. As the wing loading was increased,
the effect of these derivatives on the boundary decreased. At high
speeds, the stabllity derivatives may be reduced to zero without
seriously affecting the osclllatory-stability boundery.

. 4. VWhen the principel longlitudinal exis was inclined above the
flight path at the nose, there was a marked increase in the stable
reglion as the derivative Czp increased, for both landing and

cruising flight. A small shift in the oscillatory-stability boundary
wes caused by changes in the derivatives Cnp’ Czr’ and CYP at

the landing condition whereas for cruising flight the -effect was
negligible. .

5. For landing and crulsing flight, the stable region decreased
a8 either the wing loading or altitude was increased. In the
cruising condition, howsver, the oscillatory-stability boundary :
approached & limiting curve as the wing loading or altitude increased
indefinitely. These resulte apply for both zero and finite product
of lnertla.

6. TFor lending end crulsing flight and for zero product of
inertia, the stable region was increased when elther the radius of
gyration in .yaw kzo. vas decreesed or the radius of gyration in

roll k, was increased above a critical value. Below this critical
o
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valus of kxo’ & decrease in ky Increased the steble range
o

of 'CZB for a given CnB- The calculations made for the case in

vhich the principal axis was above the flizht pa'bi'i indicated &
stabilizing shift in the osclllatory-stebility boundery when either
the radiuwe of gyration in roll or yaw was reduced.

-

Langley Memorial Aeronautical Laboretory
National Advisory Committee for Aeronautics
lengley Field, Va., Merch 12, 1947
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TABLE I.- STABILITY IERIVATIVES AND MASS CHARACTERISTICS

OF HYPOTHETICAL AIRPLANE

o Landing ’ Crulsing
W/s, 1b/sq £% 8o 8
5, 8q Tt 100 100
b, £t 20 20
A L L
1y, Tt 15 15
p, Blug/cu £t 0.0023 0.0002
V, ft/eec 264 1465
v, deg 0 0
oy, 1.0 0.372
1) 54 620
ky s £ 2.02 2.02
, Tt T 9.64 9.6k
C'L:’ per vadian ‘:f) o -0.197 -0.197
| 1., per radian \\/ P 0.25 0.0929
cnp, per ra..d.ian -0.0198 ~0.00732
Cny,, POT radian -l'wcnﬁ(’cail) _l'wcnﬁ(tail)
CYP, per radlan 0 0
ch, Per radian 0 0
Cygs pox redien 330 (ta11)| 3 ng (4041
an (£uselage) -0.25 -0.25

id
T ar

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.= VALUES OF PARAMETERS VARIED

[For landing, n = 0° end 5°; for cruising, n = 0° and 2ﬂ

21

Landing condition

Cruising condition

Value Figure|’ Velue Figurs
Clr 0.125, 0.375 7 0.04654, 0.139 --
'cnp 0.0198, -0.0099, -0.0297f 8 10.00732, -0.00366, -0.01098 11
CYP 0.132, 1.32 9 0.293, 2.93 12
S 0, -0.098 10 0, -0.39% 13
Ww/s 4o, 120 ik, 16 18, Lo, 120, = 115, 17
Cy, 0.5, 1.5 1k 0.186, 0.558 15
o 0.00152 18 0, 0.00088 19
k, 4.82, 19.28 24 L.&, 19.28 20, 22
(o]
k, | 1.01, 1.43, 2.86, h.ok |25, 26 1.01, 4.0% 21, 23
(¢
kZ.Q
.‘KX 2.39, 9.54 30 2.39, 9.54 28, 29

NATTONAL ADVISORY
COMMITTEE FOR AFRONAUTICS
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